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The Sertoli cells were regarded as the only target for FSH in male reproductive system. The expression of FSH receptor (FSH-R)
was detected also in epithelial cells of the caput epididymis of rat and monkey. We showed in the immunohistochemistry study the
expression of FSH-R in rat and human ductuli eﬀerentes and the caput, corpus, and cauda epididymis, moreover, by Western blot
analysis in the caput and cauda epididymis of rat. Additionally, we presented that the morphology of rat epididymal epithelial cells
in vitro was aﬀected by FSH, and FSH stimulation resulted in the increase of 17β-estradiol synthesis by rat caput epididymal cells
in dose-depended manner. In conclusion, the identiﬁcation of FSH receptors in human and rat epididymides supports our results
that the epididymis is a target organ not only for LH but additionally for FSH. On the basis of the results we showed for the ﬁrst
time that morphology of epididymal epithelial cells and epididymal steroidogenesis can be regulated by FSH.
1.Introduction
The function of the epididymis, including production of
the epididymal speciﬁc microenvironment necessary for
the maturation, storage, and survival of spermatozoa, is
regulated by hormones and testicular growth factors. The
crucial role plays testosterone, synthesized in Leydig cells
under LH control, exerts the eﬀect by LH receptors. Testos-
terone is transported from testis in complex with ABP,
produced by Sertoli cells of seminiferous epithelium under
FSH control. In the epididymis, testosterone is reduced into
5α-dihydrotestosterone (DHT), the more biological active
metabolite,duetotheactivityof5α-reductase.Investigations
of last years delivered strong evidences, that functions of
ductuli eﬀerentes and ductus epididymis are modulated
additionally by estrogens. However, the epididymis is also
a source of all the steroids, and epididymal epithelial cells
express receptors for them. There has been reported recently,
that the cytoplasm of epithelial cells in the epididymis
contains enzymes following steps of steroidogenesis and
the cells are able to synthesize testosterone de novo and
convert substrates of earlier steps of steroidogenesis into
testosterone [1–5]. There are two isoforms of 5α-reductase,
type1andtype2(5α-red 1 and 2) in epididymis, the enzyme
irreversible converting T into DHT [6]. Additionally, the
expression of cytochrome P450 aromatase (P450arom) is
found within epididymal epithelial cells of men and various
animals[7–11].Moreover,theactivityoftheenzymeresulted
in 17β-estradiol (E2) production by cultured epididymal
epithelial cells [11–13] and caudal minces of rat epididymis
in vitro [10].
The presence of LH receptors in epididymal epithelial
cells in vivo and in vitro indicates the regulatory eﬀect of
thegonadotropinontheepididymalsteroidogenesis[10,12].2 Journal of Biomedicine and Biotechnology
In former study we showed that hCG, exerting the eﬀect in
the same way as LH, aﬀected the morphology of epididymal
epithelial cells in vitro and modulated steroidogenesis in
the cells [12]. The cytoplasm of the cultured cells under
hCG inﬂuence was richer in PAS-positive substances and
lipid droplets than the cytoplasm of cells without hCG
stimulation. Moreover, the concentration of E2 released
into the culture medium by stimulating cells was statisti-
cally higher than that in nonstimulated cells [12]. In the
respect of study showing the expression of receptors for
FSH (FSH-R) in the epithelium of monkey and rat cauda
epididymis [14], it is interesting to estimate the possibility
of FSH inﬂuence, like LH, on the morphology of cultured
epididymal epithelial cells and E2 synthesis by the cells.
According to the two-cell theory, the ovarian steroidogenesis
includes two cellular compartments and takes place under
inﬂuence LH and FSH. LH stimulates the theca interna
cells to production of androgens, while FSH promotes
aromatization of androgens into estrogens in the granulosa
cell of ovary follicles. It can be expected that the similar
type of regulation of hormone synthesis takes place in the
epididymis.
The aim of this study was to conﬁrm the presence
FSH-R in the epididymis and estimate the morphology of
epididymal epithelial cells under FSH stimulation and to
control the likely eﬀect of FSH on synthesis of E2 by these
cells, to better understand the hormonal regulation in this
part of male reproductive tract.
2.MaterialsandMethods
2.1. Experimental Design. The experiment was carried out
on 10 adult Wistar rats, weighing 300–350g each. The rats
were maintained at controlled temperature (22–24◦C) and
p h o t o p e r i o do fL D1 2:1 2h o u r s .T h ea n i m a l sw e r ea n a e s -
thetizedwithThiopental(BiochemieGmbH,Kundl-Austria)
(90mg/kg body weight). The rat epididymides (n = 5) were
used for immunohistochemical studies and for isolation of
epididymal epithelial cells for culture (n = 5). Additionally,
the FSH-R immunovisualization was carried out in human
epididymis (n = 5). The epididymides were obtained from
untreated patients after orchidectomy due to the prostate
cancer. For immunostaining the caput, the corpus and the
cauda epididymis were ﬁxed for 24 hours at 4◦Ci n4 %
formaldehyde freshly prepared from paraformaldehyde and
embedded in paraﬃn. The experiment received the approval
of the Local Ethics Committee.
2.2. Isolation and Culture of Epididymal Epithelial Cells.
The procedure of epididymal epithelial cells isolation and
culture has been describe previously [11, 13]. The procedure
yielded small segments of epididymal duct without the
outer sheath of connective tissue, smooth muscle cells,
and spermatozoa. The viability of the isolated cells was
detected by the trypan blue exclusion test. The isolated
cells were transferred into plastic Petri culture dishes (Nunc
Inc., Naperville, Il., USA) with cover slips on the bot-
tom and cultured in Dulbecco’s modiﬁed Eagle’s medium
5mL/dish (Gibco BRL, Grand Island, USA) supplemented
with 5% inactivated fetal calf serum (FCS; Gibco BRL,
Grand Island, USA) with/without 1nmol/L dihydrotestos-
terone (DHT; Sigma Chemical Co, St Louis MO, USA),
and with/without supplementation with FSH, pure serum
gonadotropin(Folligon,IntervetInternationalB.V.Boxmeer,
Holland) in ﬁnally concentration 0.4IU/mL medium or
0.8IU/mL medium. The cells were cultured at 34◦C, in
5% CO2 for 3 days, until they formed a monolayer. There-
after, the medium was changed and the cells were cultured
for the next two days. After that time, the cultures of
epididymal epithelial cells stained with Oil Red O and
with PAS-method [15] were used for morphological evalu-
ation.
2.3. Follicle-Stimulating Hormone (FSH) Receptor (FSH-R)
Immunohistochemistry. Paraﬃn-embedded sections (5μm
thick) of rat and human caput, corpus, and cauda epi-
didymides were immunostained for visualization of Follicle-
stimulating hormone receptor (FSH-R). The immunohis-
tochemistry (IHC) was performed using rabbit polyclonal
anti-FSH-R antibody (diluted 1 : 200) (FSH-R; H-190: sc-
13935 Santa Cruz Biotechnology, INC). The antibody is
raised againstamino acids1–190 mapping attheN-terminus
of follicle-stimulating hormone receptor (FSH-R) of human
origin and recommended for detection of FSH-R of mouse,
rat, and human origin.
The deparaﬃnized sections were microwave irradiated
in citrate buﬀer (pH 6.0) to heat-induced epitope retrieval.
After slow cooling to room temperature the slides were
washed in PBS twice for 5 minutes and then incubated
with primary anti-FSH-R antibody at 4◦C overnight. For
visualization of FSH-R-positive cells and avidin-biotin-
peroxidase system with diaminobenzidine as the chromogen
(EnVision+System-HRP (DAB) Code K4011 DakoCytoma-
tion, Glostrup, Denmark) was used according to the man-
ufacturer’s instruction. Sections were washed in distillated
H2O and counterstained with hematoxylin. For negative
control, specimens were processed in the absence of primary
antibody. Positive staining was deﬁned microscopically by
visual identiﬁcation of brown pigmentation.
2.4. Western Blot Analysis. Total cellular protein of the testis,
the caput, and cauda epididymis as well as skeletal muscle
of rat was extracted in RIPA buﬀer (Tris-HCl, 50mM,
pH 7.4; NP-40, 1%; sodium deoxycholate, 0.25%; NaCl,
150mM; EDTA, 1mM; PMSF, 1mM) in the presence of
0.1% EDTA-free protease inhibitor cocktail, 1mM sodium
orthovanadate, and 1mM sodium ﬂuoride. Protein con-
centration was quantiﬁed using the bichoninic acid assay
(BCA; Pierce Biotechnology,) according to the manufac-
turer’s instructions. Cell lysates (50μg) were prepared with
reducing sample buﬀer and separated through a 10% SDS-
PAGEgelfollowedbysemidrytransfertoaPVDFmembrane.
Membranes were blocked in 5% milk-TBST, followed by
2-hour incubation with appropriate primary antibodies:
anti-FSHR (H-190; 1 : 100; Santa Cruz) anti-β-actin
(1 : 1000; Santa Cruz). Bound antibody was visualizedJournal of Biomedicine and Biotechnology 3
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Figure 1: The distribution of FSH-R in the ductuli eﬀerentes (a) and in the ductus epididymis (b–d) of rat. (a) Immunostaining of FSH-R
in the apical cytoplasm of nonciliated cells (red arrow) and ciliated cells (green arrow) of ductuli eﬀerentes. (b) The strong intensity of
immunoreactions in all principal cells of the caput epididymis. (c-d) The decreased staining in the principal cells of the corpus (c) and the
cauda (d) epididymis. (e) The lack of immunostaining in cells of the epididymal epithelium in negative control of reaction with omitting of
primary antibody. Scale bar: (a) 50μm, (b–e) 20μm.
with horseradish peroxidase-conjugated secondary antibod-
ies (GE Biosciences) and chemiluminescence-based detec-
tion system (SuperWest Pico; Pierce). Finally, the membrane
was exposed to an autoradiography ﬁlm (Hyperﬁlm; GE
Biosciences).
2.5. Hormone Assay. For hormone assay the epididymal
epithelial cells were placed into 24-multicell culture dishes
(Corning, USA)—500,000 cell/well. The cells were cul-
tured in 1mL of Dulbecco’s modiﬁed Eagle’s medium
without phenol red (Gibco BRL, Grand Island, USA),
supplemented with 5% FSC, without/with DHT, and in
supplementation with FSH in doses 0.4IU or 0.8IU/mL
medium.
Centrifuged media from epididymal epithelial cells cul-
tured for 3 and 5 days were designed for 17β-estradiol (E2)
assays. The concentration of E2 was estimated in the culture
media enriched with 5% FCS before initiation of the cell
culture(controlmedia)andinmediaonthe3rdand5thdays
of the culture. Levels of E2 were estimated by Enzyme Linked
Fluorescent Assay (Bio Merieux, France) VIDAS Estradiol
II (E2II), the sensitivity of which is in the range from 5 to
4300pg/mL.
2.6. Statistical Analysis. Nonparametric Mann-Whitney U-
test for variables with distributions diﬀerent from nor-
mal (Shapiro-Wilk’s test) and Student t-test for normally
distributed variables were used to check signiﬁcance of
diﬀerences between study and control groups. The value of
P<. 05 was considered to indicate statistically signiﬁcant
diﬀerences. Calculations were done using the Statistica 5.0
Program PL for Windows (StatSoft, Poland).
3. Results
3.1. Immunolocalization of FSH-R. Immunostaining for
F S H - Rw a sd e t e c t e di na l ls t u d i e ds e g m e n t so fr a ta n dm e n
epididymides. The product of immunoreaction localizing of
FSH-R protein was restricted to the cytoplasm of epithelial
cells; there was no immunostaining in nuclei of the cells.
In the epithelium of the rat ductuli eﬀerentes the
immunoexpression of FSH-R was observed in the basal and
apicalcytoplasmofnonciliatedcells(redarrow)andinapical
cytoplasm of ciliated cells (green arrow) (Figure 1(a)). In
the epithelium of the caput epididymis, the immunostaining
was detected mainly in apical cytoplasm of principal cells;
however a few epithelial cells contain the IHC-reaction4 Journal of Biomedicine and Biotechnology
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Figure 2: The distribution of FSH-R in the ductuli eﬀerentes (a) and the epididymis (b–d) of man. (a) The cytoplasm of nonciliated (red
arrow) and the apical cytoplasm of ciliated cells (green arrow) of the ductuli eﬀerentes was positive for FSH-R. (b) The immunoreaction for
FSH-R was more intensive in the apical cytoplasm of all principal cells of the caput epididymis (black arrows). (c-d) The decreasing intensity
in the cytoplasm of groups of principal cells of the corpus (c) and the cauda epididymis (d) Scale bar: 20μm.
product in basal and apical cytoplasm (Figure 1(b)). In the
corpus (Figure 1(c))a n dc a u d a( Figure 1(d)) epididymis,
FSH-R protein was noted in the same pattern; however
decreasing intensity of immunoexpression was observed,
with lowest intensity in principal cells of the corpus, and
the cauda epididymis (Figures 1(c) and 1(d)). There was no
immunoreaction in specimens of the caput, the corpus and
thecaudaepididymidesincubatedwithoutprimaryantibody
(Figure 1(e)).
In the human section of the ductuli eﬀerentes epithelium
FSH-Rwasexpressedinnonciliatedandciliatedcells.Innon-
ciliated cells (red arrow) the immunostaining was observed
in the whole cytoplasm, while in ciliated cells (green arrow)
was located in the apical part of cytoplasm (Figure 2(a)).
In the epithelium of the caput epididymis the FSH-R
immunoexpression was found in the apical cytoplasm of
all principal cells (black arrow) (Figure 2(b)). The intensity
of immunostaining was decreased in the corpus and the
cauda epididymis. The group of principal cells showed
immunoreactivity and the product of immunoreactions was
concentrated in the apical cytoplasm of the cells, both in the
corpus (Figure 2(c)) and the cauda (Figure 2(d)) epididymis
of men.
3.2. Light Microscopic Studies. After three days of culture,
epithelial cells of the caput and cauda epididymides adhered
to the bottom of culture dishes. The epididymal epithelial
cells cultured with exogenous DHT formed a conﬂuent
monolayer. The cytoplasm of the cells was rich in PAS-
positive substances, glycogen deposits (Figure 3(a)), and
lipid droplets (Figure 3(b)). The epididymal epithelial cells
cultured in medium without DHT did not form conﬂuent
culture. They were stellate in the shape and were connected
by cytoplasmic processes. The cytoplasm of the cells cultured
in the medium without DHT was poor in glycogen, PAS-
positive substances (Figure 3(c)) and showed the decreased
amount of lipid droplets. (Figure 3(d)). After FSH stim-
ulation the epididymal epithelial cells cultured without
DHT formed monolayer, similar to the cells cultured with
DHT. However, the cytoplasm of the cells was also poor
in PAS-positive substances and glycogen (Figure 3(e)), and
contained lipid droplets (Figure 3(f)) in amount similar to
that observed in the cytoplasm of cells cultured with DHT.
3.3. Western Blot Analysis for the Expression of FSH-R in
the Caput and Cauda Epididymis of Rat. Western blotting
of total cell extracts showed the presence of FSH-R protein
in Figure 4(a) the testis, Figure 4(c) the caput epididymis,
and Figure 4(d) the cauda epididymis of rat. No signal was
seen in a rat skeletal muscle Figure 4(b) that served as a
negative control. All tested samples showed the presence of
actin (Figure 4).
3.4. Hormone Assay. The concentration of 17β-estradiol
(E2) detected in the medium on day 3 of cell culture was
consideredasabasal.TheconcentrationofE2inthemedium
on day 5 of cell culture was considered to result from de novo
synthesis. The level of E2 in control media was 31.6 ± 6.4
(n = 8).
The concentration of E2 in the culture media where the
cells of the caput and cauda epididymides were cultured
without DHT (−DHT) was compared to the concentrationJournal of Biomedicine and Biotechnology 5
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Figure 3: The 5th-day culture of epididymal epithelial cells: epididymal epithelial cells cultured in medium with DHT. The cells form
conﬂuent monolayer. The cytoplasm is rich in PAS-positive substances (red arrows) and glycogen (a) and lipid droplets (black arrows) (b).
Epididymal epithelial cells are cultured without DHT. The cells stellate in the shape connected by cytoplasmic processes. The cytoplasm are
poor in PAS-positive substances and glycogen (c) and lipid droplets (black arrows) (d). Epididymal epithelial cells are cultured without DHT
in supplementation with 0.8IU/mLFSH. The cytoplasm is poor in PAS-positive substances (red arrow) and in glycogen (e), and rich in lipid
droplets (black arrow) (f). (a), (c), and (e)—PAS; (b), (d), and (f)—ORO: Scale bar: 20μm.
FSHR
Actin
(a) (b) (c) (d)
Figure 4: The expression of FSH-R protein in (a) the testis, (b)
skeletal muscle of rat, (c) the caput epididymis, and (d) the cauda
epididymis. The presence of actin in tested tissues of rat is shown.
of E2 in the media of cells cultured without DHT in supple-
mentationwith0.4IUFSH/mLor0.8IUFSH/mL(Figure 5).
After 3 days there wereno diﬀerencesin E2 level in media
of epithelial cells of caput epididymis cultured without DHT
and supplemented with FSH, while the statistical signiﬁcant
increase in E2 level was noticed in medium of epithelial cells
of caput epididymis stimulated with 0.8IU/mLFSH, after 5
days of culture. The decrease of estradiol concentration was
observed in media of epithelial cells of cauda epididymis
cultured without DHT and supplemented with 0.4IU or
0 . 8I U / m LF S Hd u r i n g3o r5d a y s( Figure 5).
The concentration of E2 in the culture media where the
cells of the caput and cauda epididymides were cultured with
DHT (+DHT) was compared to the concentration of E2 in
the media of cells cultured with DHT in supplementation
with 0.4UI/mL or 0.8UI/mLFSH (Figure 6).
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Figure 5: The concentration of 17β-estradiol (E2) in media of
epithelial cells of the caput and cauda epididymis cultured without
DHT and stimulated with FSH.
The statistical increase of E2 level was observed only
in medium of the caput epididymal cells cultured with
DHT and 0.4IU/mL or 0.8IU/mLFSH, at the 3rd day and
5th day of culture. The concentrations of E2 in media
of cauda epididymal epithelial cells cultured with DHT in
supplementation with 0.4IU/mL or 0.8IU/mLFSH on day
3 and 5 were on the similar insigniﬁcant level as in media of
the cells cultured with DHT only (Figure 6).6 Journal of Biomedicine and Biotechnology
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Figure 6: The concentration of 17β-estradiol (E2) in media of
epithelial cells of the caput and cauda epididymis cultured with
DHT and stimulated with FSH.
4. Discussion
In the male reproductive system, the testis is the source
of hormones, testicular proteins, and spermatozoa, while
the epididymis is the organ responsible for maturation,
storage, and survival of male gametes. The full fertilizing
ability of released spermatozoa is dependent on series
of morphological, biochemical, and functional changes
during the transit through the epididymis, regulated by
androgens—testosterone, DHT, and estrogens. Additionally,
two pituitary gonadotropins, luteinizing hormone (LH) and
follicle-stimulating hormone (FSH), are also involved in the
processes. In male LH and its receptors (LHR) are necessary
for the synthesis of testosterone in the gonadal interstitial
Leydig cells and regulate the morphology epithelial cells of
theepididymisandepididymalsteroidogenesis.FSHbindsto
its receptor (FSH-R) in somatic Sertoli cells and stimulates
the cells to the production and secretion of numerous
proteinsintotheseminiferoustubularlumen.DahiaandRao
[14] for the ﬁrst time showed that the FSH receptor is also
expressed in epithelial cells of the cauda epididymis of rat
and monkey.
Therefore, the goal of the present study was to estimate
the inﬂuence of FSH on the epididymal epithelial cells
morphologyandtheirsteroidogenicfunctioninvitro.Firstly,
we estimated the expression of FSH-R in the epididymis
of men and rats. We observed the FSH-R expression in
epithelium of ductuli eﬀerentes and along the human
and rat epididymis. The expression of FSH-R protein was
shown by us in the caput and cauda epididymis of rat in
Western blot analysis with the same antibody. However, the
results are not in agreement with studies of the other who
presented FSH-R expression only in epithelial cells of the
cauda epididymis by more speciﬁc RT-PCR, Northern and
Western blots methods and immunohistochemistry using
FSH-R antibody raised in monkey against three overlapping
decapeptides of the ECD region [14]. It is diﬃcult to explain
the diﬀerence in our experiment. To visualize the FSH-R in
epididymis we used rabbit polyclonal anti-FSH-R antibody
fromSantaCruzBiotechnology,andthecontrolofspeciﬁcity
reaction was carried out by omitting primary antibody. The
immunohistochemistry studies were repeated many times
and results were the same and conﬁrmed by Western blot
analysis for rat epididymis. The obtained results conﬁrmed
the epididymis to be a target organ for FSH; however they
needed more detailed studies.
The examinations of FSH receptor knockout mice
(FORKO) demonstrate defects in sperm development, lead-
ing to the poor quality sperm production [16–18] suggesting
that FSH not only participates in spermatogenesis but is also
important for normal maturation process of spermatozoa
and fertility. However, in the FORKO mice, the changes of
the epididymis were also observed. In general morphology,
the epididymis of the mice appeared to be normal, but
the tubular diameter of cross sections was smaller than in
wild type [16, 18, 19]; moreover at 6 months of age the
size of epididymal tubules and the highest of epididymal
epithelium were signiﬁcantly reduced in the caput and
corpus epididymides [18, 20]. The reduction of the various
morphometricparametersofcaputandcorpusepididymides
wasthoughttobedependentonthereductionoftestosterone
in the serum of FORKO mice and abnormal Sertoli cell
functions [18, 20]. For studies on FSH function in male
a transgenic rat was established using the construct of
porcine FSHβ subunit promoter, the −852/+10bp region,
fused to a Herpes simplex virus thymidine kinase (HSV-
TK) gene [21]. The male transgenic rats were infertile with
abnormal spermatogenesis, and the decreased of the testis
and epididymis weight was observed. The weights of the
prostate and seminal vesicles were unchanged, suggesting
the normal level of testosterone in the serum [21]. The
recent study of Dahia et al. [22] indicates that deprivation
of endogenous follicle stimulating hormone results in the
changes in the histology of rat epididymal epithelium.
To estimate the possibility of FSH inﬂuence on the
epididymal epithelium morphology we used a cell culture
model without an interference endogenous testicular and
epididymal hormones and factors and a fact that epididymal
epithelial cells in vitro resume their secretory function. It
was shown that the cells are involved in steroidogenesis and
produce and release androgens into the culture medium and
convert them into 17β-estradiol, also under the regulation
of hCG [11–13]. The well-documented changes in the
morphology of epididymal epithelial cells, cultured without
DHT, but in the supplementation with hCG [23] indicate the
regulatoryinﬂuenceofpituitaryhormoneontheepididymis,
like in the testicular Leydig cells. The presence of LH
receptorsintheepididymalepithelialcellsinvitroandinvivo
was documented in our previous studies [12, 23].
In the present study, the isolated epididymal epithelial
cells were cultured in a medium without/with DHT, and
additionally supplemented with FSH. The gonadotropin was
introduced into the culture medium on day 0, and the
cells were exposed to FSH over the culture time. As it was
documented in our earlier studies, the epididymal epithelial
cells cultured in the medium with DHT resumed their
function.TheircytoplasmwasrichinlipiddropletsandPAS-
positive substances, while the cytoplasm of the cells culturedJournal of Biomedicine and Biotechnology 7
without DHT showed decreased amount of these compo-
nents. The sign of stimulatory eﬀect of FSH, was forming
of conﬂuent monolayer and the increase of lipid droplets
in the cytoplasm, compared to the cells cultured without
DHT. It indicated that FSH can aﬀect the morphology of the
epididymal epithelial cells in vitro.
The introduction of FSH into the medium of cul-
tured epididymal epithelial cells changed the level of 17β-
estradiol. The statistically signiﬁcant increase of E2 level
after FSH stimulation was observed in media without DHT
and with higher dose of FSH of epithelial cells of caput
epididymis at 5th day. The dose-dependent pattern of the
increasing of E2 level was detected in media with DHT
of epithelial cells of the caput epididymis at 3rd and 5th
day of culture. The obtained eﬀects clearly indicated that
synthesis of 17β-estradiol by epithelial cells of the caput
epididymis of rat can be stimulated by FSH. However,
in media of epithelial cells of the cauda epididymis the
level of E2 was insigniﬁcantly decreasing. The decreased
E2 level during the absence of DHT in culture medium
could be connected with the situation that the cells were
mobilized more eﬀectively to the production of endogenous
androgens to maintain the morphological and functional
integrity. The presence of DHT in culture medium and
addition of FSH stimulate the cells of the caput epididymis
to the aromatization of endogenous androgens into the
estrogens. After stimulation with FSH the concentration of
E2 increased. It could be connected with the fact that the
cytochrome P450 aromatase activity in the caput epididymis
is signiﬁcantly higher than that in corpus and cauda [9].
According to the segment-speciﬁc function of the part of
reproductivetract,thestimulatoryeﬀectofFSHonepithelial
cells of the ductuli eﬀerentes and proximal segment of the
epididymisisjustiﬁed.Ductulieﬀerentesarethemajortarget
forestrogenaction,wheretheepithelialcellsexpressestrogen
receptors α and β with highest concentration of ERα [24–
27]. The primary function of estrogen acting through ERα
is to regulate the morphology and activity of nonciliated
cells [25, 28–30]. Ductuli eﬀerentes are known to reabsorb
more than 90% rete testis ﬂuid and concentrate sperm
as well as luminal components before entering the lumen
of the epididymis [24, 31]. The reabsorption of testicular
ﬂuid and production of many proteins taking part in the
reabsorption process are regulated by estrogens [24, 32–
36]. The distribution of ERs in duct of epididymis is not
uniform and depends on species [24, 26, 27, 37]. It can be
connected with the fact that the requirement for estrogens
in the epididymis is diﬀerentiated. While the proximal
part, included in maturation spermatozoa process, needs
estrogensinhigherconcentration,inthedistalpartwherethe
spermatozoa are stored, the concentration is lower. In mice
epididymis estrogen sulfotransferase (ETS) was found [38].
The enzyme catalyzes the sulfoconjugation and inactivation
of estrogens [39]. Estrogen sulfotransferase was localized in
the epithelium of the corpus and cauda epididymis. There
was no immunoexpression in the epithelium of the caput
epididymis [38]. This segmental speciﬁc pattern of ETS
expression in epididymis suggests important physiological
role in regulation of local estrogen homeostasis [38].
5. Conclusion
The identiﬁcation of FSH receptors in human and rat
epididymides supports the results that epididymis is a target
not only for LH but additionally for FSH. On the basis of the
results we showed for the ﬁrst time that the morphology of
epididymal epithelial cells and epididymal steroidogenesis in
vitro can be regulated by FSH.
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